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Abstract. Nagar Parkar kaolin deposits occur in the form of medium to large size pockets or lenses, parallel to 
Runn of Kutch, aligned in a belt trending NW-SE. Present study is aimed to find out the origin of Nagar 
Parkar kaolin deposits, vital for determining its industrial applications, on the basis of general geological 
setting, mineralogical composition, micro texture and bulk densities. Nagar Parkar kaolin deposits are mostly 
covered with laterite, which is a leaching product and an exploration guide. The quality of kaolin increases 
towards the top and decreases downward suggesting that intense chemical weathering is responsible for the 
origin of these deposits. Further, the absence of high temperature minerals, irregular stacks and presence of 
books of kaolinite particles with angular edges are other evidences supporting residual origin for these 
deposits. Besides, loosely packed, porous and coarse grain particles also favor the weathered origin for Nagar 
Parkar kaolin deposits. 
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Introduction 
Kaolin (China clay) deposits of economic significance 
occur in Shah Dheri (Swat) and Nagar Parkar (Thar 
Parkar) areas of Pakistan. Nagar Parkar town is located 
at the northern tip of the Runn of Kutch in the south of 
Thar Desert towards the northern foot hills of Karunjhar 
Range (Fig. 1; Muslim et al., 1997). It lies about 400 km 
southeast of Karachi at latitude 24º 15’ to 24º 30’N and 
longitude 70º 37’ to 71º 07’ E. The Nagar Parkar kaolin 
deposits were first reported by Geological Survey of 
Pakistan in 1961. Detailed exploration studies were 
carried out by Pakistan Mineral Development 
Corporation (PMDC) during 1976-79. Based on a large 
number of exploratory and drilling pits, bulk sampling, 
physical tests and chemical analysis, 3.634 million tons 
of kaolin reserves were estimated (Kella, 1983). 
Nagar Parkar kaolin is suitable for colored ceramic 
table and sanitary wares and rubber industries. But this 
kaolin is not suitable for making white ceramic table 
wares, as it shows inconsistency in its chemical 
composition and changes to off white at elevated 
temperature. Though, a number of physical and 
chemical characteristics of washed kaolin are very close 
to the world’s best known kaolin deposits. 
There are dozens of localities in Nagar Parkar, 
where hundreds of open pits have been dug to explore 
kaolin during past 30 years. But six largest kaolin 
deposits of Viravah, Karkhi, Parodhro, Moti jo Vandio, 
Dhedvero and Ramji Jo Vandio in Nagar Parker area 
were the focus of the present research. Earlier studies 
reveal that there is a local fault trending NW to SE, 
which follows the kaolin zone and is parallel to the 
Karunjhar hill of grey granite. Granite rocks occur in the 
area showing two sets of joints. Both sets of joints have 
vertical dips (Butt et al., 1989). The spheroidal 
weathering of granite is common in Nagar Parkar area, 
which follows the splitting of rocks along vertical joint 
planes of granite bodies. Nagar Parkar rocks are divided 
into three groups: 1) Proterozoic rocks represented by a 
variety of granitic rocks of the Nagar Parkar igneous 
complex including an older basement of amphibolitic 
rocks. 2) Deformed sediments of non-marine origin 
(Bartala Formation of Late Pleistocene age) and 3) 
Young surficial deposits ranging from residual 
(laterite/kaolinite) to alluvial and aeolian types (Kazmi 
and Khan, 1973).  
Kaolin deposits are generally classified as either 
primary (residual or hydrothermal) and secondary 
(sedimentary) (Gilg et. al., 1999). The mode of 
formation of the kaolin may have considerable influence 
on the mineralogy, chemistry and morphology of the 
clays and may dictate the type of mining and 
beneficiation process employed to achieve a commercial 
product (Bloodworth et al., 1993). Knowledge of the 
kaolin genesis is also vital in determining its industrial 
applications (Murray, 1991; Mc Gonigle and Ciullo, 
1996; Ekosse et.al., 2007; Peter and Ajibad, 2007). 
Present study is aimed to find out the origin of Nagar 
Parkar kaolin deposit on the basis of geological setting, 


















Fig.1. Location and geological map of Nagar Parkar, Thar Parkar District (after Muslim et al., 1997). 




Geology of the Study Area 
The Precambrian rocks of the Indian shield are 
exposed in the Nagar Parkar area (Kella, 1983). 
Several other small hillocks of granite bodies having 
an altitude of 55 to 182 meters also occur in the area 
(Kazmi and Khan, 1973). Subsurface granite bodies 
are covered by alluvial deposits mainly composed of 
clay and silt (Pithawala, 1946). Besides these granite 
bodies, few outcrops of basement rocks of 
amphibolitic composition also occur in the area 
(Laghari, 2004). A large number of kaolin deposits 
occur in and around Nagar Parkar in the southwest of 
Rann of Kutch (Muslim et. al., 1997). Surface geology 
of Nagar Parkar and adjoining areas is dominated by 
stabilized sand dunes and inter-dunal clay pans, 
igneous complex, sedimentary rocks, residual kaolin 















Distribution and Characteristics  
Kaolin deposits of Nagar Parkar occur as medium to 
large size pockets or lenses mostly covered by soil or 
laterite as a cap rock. Average overburden thickness is 
2meters and thickness of kaolin deposits varies from 2 
to 9 meters (Ismail, 2011). Most of the kaolin deposits 
of Nagar Parkar are covered by thin layer of sandy 
alluvium or laterite  
 
 
(Fig. 2). Field studies show that Nagar Parkar kaolin is 
coarse grained and white to grayish white. Though, 
kaolin beds continue further deep but mines are 
abandoned due to mine water and suffocation problem 
faced by the mine workers at a depth greater than 9-11 
meters. A large number of kaolin deposits occur in 
Nagar Parkar, but seven large kaolin deposits 
including a newly identified kaolin deposit near 
Parodhro village are part of the present study (Fig. 3). 
 
 Fig. 2 Nagar Parker kaolin covered by laterite with very less overburden thicknesses. 













































































Methods and Materials 
About one hundred clay samples were collected from 
six important localities including Parodhro, Viravah, 
Karkhi, Ramji jo Vandio, Moti jo Vandio and 





Mineralogical composition was carried out by using X-ray 
Diffraction (XRD) technique on fifty representative 
samples of raw and the processed Nagar Parkar kaolin. X-
ray diffraction has been described as a method that gives 
non-destructive angular values of diffracted X-ray 
beams. The mineralogical analysis of these kaolin 
samples was carried out by employing scanning speed 
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01-078-2315 (C) - Quartz - SiO2 - S-Q 26.4 % - Y: 28.05 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91239 - b 4.91239 - c 5.40385 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 
01-089-6538 (C) - Kaolinite - Al2(Si2O5)(OH)4 - S-Q 73.6 % - Y: 25.28 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15400 - b 8.94200 - c 7.40100 - alpha 91.690 - beta 104.610 - gamma 89.820 - Base-centered 
Operations: Background 1.000,1.000 | Import


































































































































































01-079-1910 (C) - Quartz - alpha-SiO2 - S-Q 25.0 % - Y: 47.43 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91400 - b 4.91400 - c 5.40600 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3121 (15
01-089-6538 (C) - Kaolinite - Al2(Si2O5)(OH)4 - S-Q 75.0 % - Y: 46.44 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15400 - b 8.94200 - c 7.40100 - alpha 91.690 - beta 104.610 - gamma 89.820 - Base-centered 
Operations: Background 1.000,1.000 | Import



















































































































Fig. 4 X-ray diffractogram of kaolin raw sample of Nagar Parkar. 
01-072-1650 (C) - Calcite - CaCO3 - S-Q 5.4 % - Y: 4.95 % - d x by: 1. - WL: 1.5406 - Rhombo.H.axes - a 4.99300 - b 4.99300 - c 16.91699 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - R-3c (167
01-078-2315 (C) - Quartz - SiO2 - S-Q 30.6 % - Y: 27.23 % - d x by: 1. - WL: 1.5406 - Hexagonal - a 4.91239 - b 4.91239 - c 5.40385 - alpha 90.000 - beta 90.000 - gamma 120.000 - Primitive - P3221 (154) - 3 
01-089-6538 (C) - Kaolinite - Al2(Si2O5)(OH)4 - S-Q 64.1 % - Y: 18.39 % - d x by: 1. - WL: 1.5406 - Triclinic - a 5.15400 - b 8.94200 - c 7.40100 - alpha 91.690 - beta 104.610 - gamma 89.820 - Base-centered 
Operations: Background 1.000,1.000 | Import
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The Scanning Electron Microprobe (SEM) technique 
was used to study the crystal morphology in macro and 
submicron ranges. Scanning Electron Microscopy 
(SEM) used in conjunction with built-in spectrometer 
called energy dispersive X-ray spectrometer (EDS). 
Samples were prepared by dispersing dry powder on 
stubs coated with Gold for SEM EDS. Operative 
parameters for the JEOL. 6380 LA SEM was 20kv 
high voltage level and maximum 5 gm of sample was 
used for the analysis.   
Bulk Density Measurement  
The bulk density of Nagar Parkar kaolin samples was 
determined by using submerging method, which 
follows ASTM D1556. This analysis required sample 
in the form of lump of minimum 20 to 30 gm. 
Results and Discussion  
Primary kaolin deposits may form in situ from 
alumino-silicate rocks by weathering (supergene 
kaolin), by hydrothermal activity (hypogene kaolin), or 
in some cases by a combination of the two processes 
(Murray, 1988; Murray and Keller, 1993). Elevated 
temperature and high rainfall increases the rate of 
breakdown of the primary mineral to kaolin minerals.   
The Nagar Parkar kaolin deposit occurs in low lying 
areas and in close proximity of granitic bodies. Field 
studies reveal that most of the Nagar Parkar kaolin 
deposits are covered with laterite, which is a leaching 
product and represents intense chemical weathering. It 
was also observed during the field work that where 
laterite occurs as cap rock, the overburden is only few 
meters below the surface and thickness as  well as 
grade of underlying kaolin deposits is high. According 
to Harvey and Murray (1997) and Senkayi et al. (1983) 
kaolinization is recognized by depth relationship 
(decreasing alteration with increasing depth). Field 
studies show that the quality of kaolinite increases 
towards the top and decreases towards the bottom 
suggesting that Nagar Parkar kaolin is formed by deep 
chemical weathering of granites. Hydrothermal 
kaolinite are often associated with high temperature 
alteration mineral such as illite, illite-smectite, mixed 
layer mineral, dickite , nacrite , topaz , pyrophyllite 
(Keller, 1969, Dill et al., 1997; Arribas et. al. 1995). 
According to Nakagawa (2006), residual type of kaolin 
deposit contains only kaolinite and quartz minerals. 
The mineralogical studies of Nagar Parkar (raw and 
washed) kaolin show the presence of only kaolinite 
5.0 µm.  
5.0 µm.  2.5 µm.  
Fig. 5 Scanning electron micrographs of Nagar Parkar Kaolin (X6000). 
a. b. 
c. d. 





(K) as a dominant clay mineral associated with quartz 
(Q) and minor amount of calcite (C) and muscovite(M) 
(Fig. 4).  Thus, mineralogically, residual origin is 
favored for Nagar Parkar kaolin deposits. The absence 
of high temperature minerals, loosely packed, porous 
and coarse grain particles of the Nagar Parkar kaolin 
are other evidences supporting the weathered origin for 
Nagar Parkar deposits of kaolin (Nicols, 2001; Gilg et 
al., 1999). SEM images of different origin of kaolin 
possess characteristic texture. Kaolin of hydrothermal 
origin are typically very fine grained, hexagonal 
booklet, tightly packed and thus have low porosity 
(Keller, 1976, 1978). The textural studies show that 
Nagar Parkar consists of irregular stacks of books of 
kaolinite particles with angular edges and lack of 
hexagonal booklets (Fig. 5). These are the 
characteristic features, found in kaolin formed by 
weathering processes at lower temperature (Keller, 
1976; Nakagawa, 2006). Bulk density is a direct 
measurement that reflects the density of the constituent 
minerals or materials that included open pores. 
Indirectly it may yield significant information on the 
environment under which the rock originated. The 
Bulk densities of kaolin in the dried natural (raw) state 
reflect their mode of genesis. Those which originated 
by chemical weathering possess relatively low bulk 
densities i.e. less than 2.0 (Baumann and Keller, 1975). 
Hydrothermally formed kaolin distinctly shows higher 
bulk densities (>2.0). The bulk density of Nagar Parkar 
kaolin ranges from 1.27 to 1.80 which suggests that 
origin of these kaolin deposits is by the chemical 
weathering.  
Conclusion   
Based on the detailed field and laboratory studies of 
Nagar Parkar kaolin deposits, it is concluded that these 
deposits are of residual type formed by chemical 
weathering of the Precambrian granites. There is no 
evidence of significant hydrothermal activity in this 
area. These kaolin deposits are of good quality and 
spread over large area.   
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